Kingsnakes of the Lampropeltis getula complex range throughout much of temperate and subtropical North America. Studies over the last century have used morphology and color pattern to describe numerous subspecies. More recently, DNA analyses have made invaluable contributions to our understanding of their evolution and taxonomy. We use genetic and ecological methods to test previous hypotheses of distinct evolutionary lineages by examining 66 total snakes and 1) analyzing phylogeographic structure using 2 mtDNA loci and 1 nuclear locus, 2) estimating divergence dates and historical demography among lineages in a Bayesian coalescent framework, and 3) applying ecological niche modeling (ENM). Our molecular data and ENMs illustrate that 3 previously recognized subspecies in the eastern United States comprise well-supported monophyletic lineages that diverged during the Pleistocene. The geographic boundaries of these 3 lineages correspond closely to known biogeographic barriers (Florida peninsula, Appalachian Mountains, and Apalachicola River) previously identified for other plants and animals, indicating shared geographic influences on evolutionary history. We conclude that genetic, ecological, and morphological data support recognition of these 3 lineages as distinct species (Lampropeltis floridana, Lampropeltis getula, and Lampropeltis meansi).
have partitioned regional biodiversity, Burbrink et al. (2008, p. 286) raised the question for North American reptiles, "… are there really any single transcontinental squamate species?"
The increased availability of species distribution data combined with fine-scale climate information allow researchers to use predictive modeling to test hypotheses about lineage divergence and identify potential areas of sympatry or hybridization (Wiens and Graham 2005; Raxworthy et al. 2007; Kozak et al. 2008) . Ecological niche modeling (ENM) combines occurrence data and a set of current climate layers to generate a probability surface of species occurrence. When ENMs are generated for each taxon in question and visualized on a map, low model overlap between taxa may indicate some degree of ecological divergence (Wiens and Graham 2005; Raxworthy et al. 2007; Rissler and Apodaca 2007) , facilitating the identification of cryptic species.
Kingsnakes of the Lampropeltis getula complex (Linnaeus) range throughout much of temperate and subtropical North America; along the Pacific coast from Oregon southward to the Mexican Plateau, and eastward to New Jersey and southward to Florida (Figure 1 ; Krysko 2001) . Kingsnakes of this species complex are extremely variable in color pattern, and therefore, along with their mostly docile disposition, are easily recognizable and very popular in the pet trade (Enge 1994; Krysko 2002) .
There have been at least 18 subspecies described in this species complex, 12 of which occur west of the Appalachian Mountains, and 6 in states along the Atlantic seaboard in eastern North America. Blaney (1977) revised the Lampropeltis getula complex using both morphology and color pattern, and recognized only 7 subspecies ( Figure 1 ): Lampropeltis getula californiae (Blainville 1835) , Lampropeltis getula holbrooki Stejneger 1902, Lampropeltis getula nigra (Yarrow 1882) , Lampropeltis getula nigrita Zweifel and Norris 1955 , and Lampropeltis getula splendida (Baird and Girard 1853) west of the Appalachian Mountains; and Lampropeltis getula floridana Blanchard 1919 and Lampropeltis getula getula (Linnaeus 1766) in eastern North America. Two other taxa in eastern North America are either controversial or recently named. Barbour and Engles (1942) described Lampropeltis getula sticticeps from the Outer Banks of North Carolina based on color pattern and head morphology. Lazell and Musick (1973) supported these findings while other authors remained skeptical (Hillestad et al. 1975; Blaney 1977 Blaney , 1979 Gibbons and Coker 1978; Palmer and Braswell 1995) . Means (1977) hypothesized that an unnamed taxon occurred in the Eastern Apalachicola Lowlands in the Florida panhandle, and Krysko (2001) and Krysko and Judd (2006) described this form as Lampropeltis getula meansi based on analyses of mtDNA and morphology. Blaney (1977) , Krysko (2001) , and Means and Krysko (2001) noted the occurrence of morphological intermediates (i.e., intergrades or hybrids) in zones between these named taxa in eastern North America. Morphological intermediates were defined as commonly found individuals that possess intermediate phenotypic characters between adjacent taxa. Distributions are modified after Conant and Collins (1998) , Krysko (2001) , Stebbins (2003) , Krysko and Judd (2006) , and Burbrink (2009a, 2009b) . See online color version. Krysko (2001) analyzed the 2 mitochondrial loci cytochrome b (cyt b) and the nicotinamide adenine dinucleotide dehydrogenase subunit 4 (ND4) region; cyt b alone resulted in all samples in eastern North America yielding one large polytomy, the ND4 region alone revealed some population genetic structure, but the concatenated sequences revealed three shallow genetic lineages that correspond to L. g. floridana, L. g. getula, and L. g. meansi. Subsequently, Pyron and Burbrink (2009a, 2009b ) provided a much greater sampling regime west of the Appalachian Mountains, and elevated 5 subspecies (L. g. californiae, Lampropeltis getula spendida, L. g. holbrooki, L. g. nigra, and L. g. getula) to species status; however, based solely on analysis of cyt b they recognized a single lineage (L. getula) east of the Appalachian Mountains, and they did not examine samples for L. g. nigrita from Mexico.
The distinct morphology and color patterns found in the Lampropeltis getula complex, along with its transcontinental geographic distribution and occasional disjunct populations across the North American landscape make a fascinating subject for phylogeography. Herein, we increase our sampling effort in eastern North America and add a nuclear DNA locus to our data set to test previous hypotheses of distinct genetic lineages by 1) reanalyzing phylogeographic structure, 2) estimating divergence dates and historical demography among lineages in a Bayesian coalescent framework, and 3) analyzing niche differentiation and overlap using ENMs. For clarity and historic purposes, we treat named taxa in eastern North America (L. g. floridana, L. g. getula, and L. g. meansi) and L. g. nigrita from Mexico as subspecies prior to our species recognition in this current study.
Materials and Methods

Laboratory Techniques
We used DNA sequence data from a total of 66 snakes (Table 1 , Figures 1 and 2) ; including 56 individuals from the Lampropeltis getula complex in eastern North America and outgroups consisting of 8 individuals from subspecies (1 L. g. nigrita) and recently elevated taxa (2 L. holbrooki, 3 L. nigra, 1 L. spendida, 1 L. californiae) west of the Appalachian Mountains; one of the sister taxon, short-tailed Kingsnake, L. extenuata; and one from the closely related Scarlet Snake, Cemophora coccinea. In addition to the new DNA data provided herein, this study utilizes sequences from Krysko (2001) and GenBank: L. spendida: spectrin beta nonerythrocytic intron 1 (SPTBN1; Ruane et al. 2014) ; L. californiae: SPTBN1 (Burbrink et al. 2012) ; Lampropeltis extenuata: cyt b (Burbrink and Lawson 2007) , ND4 region (Rodríguez-Robles and de Jesús-Escobar 1999), SPTBN1 (Ruane et al. 2014); and C. coccinea: cyt b (Lawson et al. 2005) , SPTBN1 (Burbrink and Lawson 2007) . To facilitate comparison between phylogeographic findings and previous morphological results, 46 of 66 (69.7%) of the individuals were used in both molecular and morphological analyses, including those that are considered morphological intermediates (i.e., intergrades or hybrids, depending on taxonomic nomenclature used; Krysko and Judd 2006) . DNA sequence data were obtained from blood, muscle tissue, shed skins, and bone. Between 0.5 and 1.0 mL of blood was taken from the caudal vein of live specimens and stored in lysis buffer (100 mM Tris-HCl, pH 8; 100 mM EDTA, pH 8; 10 mM NaCl; 1.0% sodium dodecyl sulfate) in approximately 1:10 blood to buffer ratio (White and Densmore 1992) . Muscle tissue was taken from salvaged dead-on-road (DOR) specimens and stored in SED buffer (saturated NaCl; 250 mM EDTA, pH 7.5; 20% DMSO; Amos and Hoelzel 1991, Proebstel et al. 1993) or 95% ethanol. DNA isolations were conducted following Hillis et al. (1990) for blood and muscle tissue, Clark (1998) We amplified, sequenced, and analyzed a total of 2679 bp from mtDNA cyt b; (1083 bp), mtDNA ND4 region (781 bp), and nuclear locus SPTBN1 (815 bp). Cytochrome b was amplified using the primers CYB 2 (Kessing et al. 1989) , LGL765 (Bickham et al. 1995) , H15919 (Fetzner 1999) , L14910 and H16064 (Burbrink et al. 2000) , and CYB 1L, CYB 2L, CYB 1H, CYB 2H (Krysko 2001) . The ND4 region consisted of the ND4 gene and subsequent transfer ribonucleic acids tRNA His and tRNA
Ser
, and was amplified using the primers ND4 and Leu (Arevalo et al. 1994; Rodríguez-Robles and de Jesús-Escobar 1999) , and ND4-L1 and ND4-H1 (Krysko et al. 2016 ). Because mtDNA is inherited as a single linkage unit, we expect that phylogenies from cyt b and ND4 region would yield convergent gene trees. SPTBN1 was amplified using the primers SPTBN1_F_APR and SPTBN1_R_APR (Ruane et al. 2014) , and was chosen because it represents an informative, single-copy locus that is likely evolving at a different rate than mtDNA loci (Townsend et al. 2008; Ruane et al. 2014 ). All 66 samples were sequenced for both mtDNA markers, and a subset (n = 19) of individuals were sequenced for SPTBN1 (Table 1) .
PCR was conducted in 25 μL reactions: 12.5 μL H 2 O, 9.5 μL Apex™ Taq Red Master Mix 2.0X (2× buffer, 200 μM dNTPs, 1.5 mM MgCl 2 ), 1 μL each primer (10 μM), and 1 μL template DNA. PCR parameters for mtDNA included initial denaturing at 94 °C for 3 min, followed by 35 cycles of amplification: denaturing at 94 °C for 1 min, annealing at 52 °C for 1 min, and extension at 72 °C for 1 min, followed by a final extension at 72 °C for 7 min. PCR parameters for SPTBN1 included initial denaturing at 94 °C for 1.5 min, followed by 1) 5 cycles of amplification: denaturing at 94 °C for 30 s, annealing at 51 °C for 30 s, and extension at 72 °C for 1.5 min; 2) 10 cycles of amplification: denaturing at 94 °C for 30 s, annealing at 49 °C for 30 s, and extension at 72 °C for 1.5 min; and 3) 30 cycles of amplification: denaturing at 94 °C for 30 s, annealing at 48 °C for 30 s, and extension at 72 °C for 1.5 min, followed by a final extension at 72 °C for 7 min (Sheehy 2012) . PCR products were electrophoresed on 1% agarose gels, visualized with GelRed™ staining (Biotium, Inc., Hayward, CA), and compared with a DNA size standard. DNA sequences were resolved on various automated sequencers (Genomics Division, Interdisciplinary Center for Biotechnology Research, University of Florida) and assembled and edited with Geneious ver. 6.1 (http://www.geneious.com).
Phylogenetic Analyses
For the combined mtDNA and nDNA analyses, a mixed-model approach was performed to infer trees and assess node support using models specific to each gene. The Bayesian information criterion (BIC) in MEGA determined the best-fit nucleotide substitution models to be HKY (Hasegawa et al. 1985) with gamma distributed rate heterogeneity (HKY + Γ) for cyt b and ND4 region, and HKY for SPTBN1.
Bayesian inference analyses were conducted using BEAST ver. 1.8 (Drummond and Rambaut 2007) on the UF-HPC Galaxy instance (http://hpc.ufl.edu; Giardine et al. 2005; Blankenberg et al. 2010; Goecks et al. 2010) . A relaxed clock method was used to infer lineage relationships without having to rely on a potentially arbitrary molecular clock (Drummond et al. 2006 ). An uncorrelated lognormal relaxed clock with constant population size, estimated base frequencies, randomly generated starting tree, and exponential uncorrelated lognormal relaxed clock mean (ucld.mean) priors were used. Two independent runs were performed consisting of three heated and one cold Markov chain Monte Carlo (MCMC) run for 30 million generations with every 3000 sample being retained. Both MCMC runs were analyzed independently (to confirm chains were converging and not sampling local optima) using Tracer ver. 1.6 (http://beast. bio.ed.ac.uk/Tracer) for ESS values >200, as well as for a split standard deviation less than 0.005 for −lnL tree values among chains that indicate parameter stationarity was achieved. Trees sampled prior to stationarity were discarded as burn-in, which occurred prior to 3 million generations. Trees from both independent MCMC runs were combined and burn-in was removed using LogCombiner ver. 1.8. The best statistically supported tree (i.e., maximum clade credibility tree) with mean heights was obtained using TreeAnnotator ver. 1.8 in BEAST. A phylogenetic hypothesis with posterior probabilities and estimated divergence dates was created using FigTree ver. 1.4 (http://tree.bio.ed.ac.uk/software/figtree/). The most credible inferences of phylogenetic relationships were confined to nodes where posterior probability was ≥95% (Felsenstein 2004 ).
Divergence Dating
Fossil data in the form of parametric distributions offer a high degree of flexibility in integrating a time scale into a phylogenetic analysis (Morrison 2008; Ho and Phillips 2009 ). For the combined mtDNA and nDNA analyses, we used two fossil calibrations with BEAST, mostly following Ruane et al. (2014) . We used a minimum age of 12.35 million years ago (Ma) for the most recent common ancestor (MRCA) between the genera Cemophora and Lampropeltis (ln mean = 2.514) ± 0.23 lognormal standard deviation (Morrison 2008; Ho and Phillips 2009 ) yielding a 95% prior credible interval (PCI) of 8.4-18.0 Ma, which incorporates the oldest known Lampropeltis (Lampropeltis similis; see Holman 2000) . We provided a second calibration point for the MRCA between the 2 closely related L. extenuata and L. getula complex with a minimum age of 7.6 Ma (ln mean = 2.028) ± 0.22 lognormal standard deviation yielding a 95% prior credible interval (PCI) of 5.2-10.9 Ma based on the oldest known L. getula and Stilosoma vetustum (=Lampropeltis vetusta) (Auffenberg 1963; Holman 2000; Hulbert 2001 ) from the Miocene.
Historical Demography
We used Bayesian skyline plots (BSPs) in BEAST to evaluate historical population demography, particularly to determine if Lampropeltis lineages in eastern North America had undergone population declines, expansions, or remained stable during the most recent glacial advances and retreats. BSPs evaluate the coalescent history of each locus and allows tracing of N e over time without requiring a specified demographic model (i.e., constant size, exponential growth, etc.). We used a mixed-model analysis using the same substitution models as above, and partitioned cyt b, An asterisk before and after sample name indicates identified morphological intermediate (i.e., putative hybrid) and/or identical sample was used in morphological analyses, respectively (Krysko and Judd 2006) . ND4 region, and SPTBN1 into three linked codon positions. We used a strict clock with lineage-specific substitution rates (e.g., 4.3E-3 for Atlantic Coast, 5E-3 for Eastern Apalachicola Lowlands + surrounding region, and 5E-3 for Florida Peninsula lineages) obtained from our phylogeny, along with Bayesian Skyline Coalescent, 10 grouped coalescent intervals, and randomly generated starting tree priors. BSPs were estimated for 100 million generations with every 1 million sample being retained. Using Tracer, we confirmed ESS values >200, discarded 10 million generations as burn-in, and conducted Bayesian Skyline Reconstructions. For comparisons of tracing of N e over time with BSPs, we also calculated the nongenealogical coalescent methods of Ramos-Onsins and Rozas's R 2 (Ramos-Onsins and Rozas 2002), Fu and Li's D* (Fu and Li 1993) , and Tajima's D* (Tajima 1989) to determine the stability of population growth in each lineage using DnaSP (ver. 5.10.01; Rozas 2009). Our null hypothesis assumes a stable population size. According to Fu and Li's D* and Tajima's D*, a stable population size would be close to zero, whereas a significant negative value would suggest a recent population expansion and a significant positive value would suggest a recent population decline or bottleneck (Burbrink and Castoe 2009; Shepard and Burbrink 2009) . A significant positive value of R 2 indicates a recent population expansion and a significant negative value indicates a recent population decline or bottleneck (RamosOnsins and Rozas 2002). BSPs may be more sensitive at tracing N e over time than nongenealogical methods that do not consider phylogenetic structure (Felsenstein 1992; Pybus et al. 2000; Pilkington et al. 2008; Shepard and Burbrink 2009 ).
Summary statistics were calculated using DnaSP. Sequence comparisons for the number of informative characters and unique haplotypes were obtained. Using haploid data, we estimated within lineage and overall genetic variation with differentiation (χ 2 ) and levels of population genetic divergence and migration rate (F ST and Nm, respectively; Hudson et al. 1992 ) with 10 000 permutation test replicates (Librado and Rozas 2009 ).
Ecological Niche Modeling
Based on the mtDNA phylogeny (see Results), tissue sample localities were classified into 3 clades (L. g. getula, L. g. floridana, L. g. meansi) and plotted on a map in ArcGIS ver. 10.1 (Environmental Systems Research Institute, Redlands, CA). We generated a minimum convex polygon (MCP) around the points for each lineage and used these MCPs as a conservative estimate of lineage distributions. All collection localities (latitude, longitude) were downloaded from the online databases VertNET (vertnet.org) and GBIF (gbif.org). Only those collection localities falling within one of the MCPs were used to create the models. Because there is no evidence that hybrid zones are inhabited exclusively by hybrids, identified morphological intermediate specimens used in the genetic analyses were included when generating the MCPs, but to be conservative, all designated morphological intermediates were excluded from the ENMs.
To generate the ENMs, we used the 19 WorldClim bioclimatic layers (http://www.worldclim.org) representing various trends in precipitation and temperature from 1950-2000 (Hijmans et al. 2005) . Spatial resolution of the layers was 1 km 2 . ENMs were generated in Maxent vers. 3.2.19 ) using default settings, the 19 climate layers, and the NHC species occurrence data. ENMs were converted from ASCII format to raster in ArcGIS and visualized on a map.
To analyze niche overlap, each ENM was converted from a continuous distribution to binary (presence/absence), with presence cells coded as 1 and absence cells coded as 0. Presence threshold was arbitrarily set at the lowest probability value for an occurrence point Raxworthy et al. 2007 ). The ENMs for L. g. getula, L. g. floridana, and L. g. meansi were then overlaid on a map, and the Weighted Sum (Spatial Analyst) tool was used to sum the 3 rasters. In the resulting sum raster, cells with a value of 2 represented areas of overlap between 2 ENMs; there was no overlap between all 3 ENMs. Once the ENMs were mapped and areas of overlap were highlighted, hybrid specimens were plotted on the map, and concordance between location of hybrids and predicted hybrid zones based on ENMs was analyzed by determining the number of hybrid specimens that were located in a cell where 2 ENMs overlap (i.e., predicted hybrid zones).
Because the entire ENM for L. g. meansi was within the range of L. g. getula (see Results), we further investigated whether L. g. meansi is restricted to a subset of climatic conditions occupied by L. g. getula. To examine variation in climatic suitability for each subspecies in environmental space, we extracted bioclim data for each L. g. meansi and L. g. getula locality point in DIVA vers. 5.4 (Hijmans et al. 2001) , from the same set of bioclim layers used to build the ENMs, and ran a principle components analysis (PCA).
Results
Sequence comparisons including outgroup taxa from the 66 specimens revealed 369 polymorphic sites, and 171 parsimony-informative characters within the analyzed 2679 bp of combined mtDNA and nDNA. The full coverage among all samples for only the mtDNA loci revealed 52 unique haplotypes with haplotype diversity h = 0.988 (A-zz; Table 1 ). Genbank accession numbers are listed in Table 1 .
Phylogenetic Analyses
Our multi-locus Bayesian phylogeny illustrates three genetic lineages in eastern North America, which correspond to the named taxa, Lampropeltis getula floridana, L. g. getula, and L. g. meansi. All lineages are well supported with posterior probabilities at or above 95% (Figure 3) , with the exception of 3 individuals (haplotype G) that cluster with the appropriate Atlantic Coast Lineage (L. g. getula) but lack statistical support. The monophyly of L. g. nigrita from Mexico along with its sister taxon, L. californiae, is also well supported, with posterior probabilities of 99%.
Divergence Dating
Divergence dating estimates (Figure 3 
Historical Demography
Using genealogical coalescent methods, BSPs for the Atlantic coast and Eastern Apalachicola Lowlands + surrounding region show a stable population over the last 60 000 and 100 000 years, respectively (Figure 4) . The Florida peninsula Lineage shows an overall gradual increase in historical population size beginning 150 000 years ago before becoming stable. Using nongenealogical methods, we fail to reject our null hypothesis of a stable population over time for the Atlantic coast (Fu and 
Ecological Niche Modeling
The ENMs for L. g. getula, L. g. floridana, and L. g. meansi closely corresponded to each of their geographic ranges based on morphology (Figures 1 and 5) . Some overprediction was observed in the (Table 1) ; and an asterisk before or after sample name indicates a morphological intermediate/hybrid or identical sample was used in morphological analyses, respectively (Krysko and Judd 2006) . See online color version.
ENM for L. g. getula, with species occurrence predicted westward of the range limit into coastal Louisiana and Texas. The ENM of L. g. meansi overlaps entirely with that of L. g. getula and overpredicts into regions westward of the Apalachicola River, eastward of the Ochlockonee River, and northward of Telogia Creek. The ENM for L. g. floridana is consistent with the hypothesized range (Krysko 2001) and is restricted to peninsular Florida. All of the L. g. meansi × L. g. getula morphological intermediates fell within their respective region of ENM overlap, and all of the L. g. floridana × L. g. getula morphological intermediates fell within their respective region of ENM overlap ( Figure 5 ). There were no areas of ENM overlap between all 3 morphotypes. A scatterplot of the PCA factor scores shows that L. g. meansi is restricted to a small subset of the climatic space occupied by L. g. getula (Figure 6 ). The area of overlap between L. g. meansi and L. g. getula is generally warmer, wetter, and has lower seasonality than the rest of the L. g. getula range northward along the Atlantic coast.
Species Recognition
We follow the General Lineage Concept of Species (de Queiroz 1998 (de Queiroz , 2007 for recognizing lineages at the species level; each are made up of connected subpopulations in an ancestor-descendant series (those in eastern North America) and exhibits diagnosability using morphology and color pattern. Because all 3 lineages in eastern North America, as well as L. g nigrita in Mexico, can also be diagnosed using morphology (secondary operational criterion; de Queiroz 1998, 2007), we recognize each as a full species.
Lampropeltis floridana, Blanchard (1919) Florida Kingsnake
Coluber getulus (part) Linnaeus (1766) Ophibolus getulus (part) Baird and Girard (1853) Coronella getulus (part) Duméril et al. (1854) Lampropeltis getulus (part) Cope (1860) Lampropeltis getulus floridana Blanchard (1919) Lampropeltis getulus brooksi Barbour (1919) in Blaney (1977) Lampropeltis getulus sticticeps Barbour and Engels (1942) in Blaney (1977) Lampropeltis getulus goini (part) Neill and Allen (1949) in Blaney (1977) Lampropeltis getula (part) Frost and Collins (1988) Lampropeltis getula floridana Conant and Collins (1991) Lampropeltis getula brooksi Krysko and Judd (2006) (Figure 2 ). This species is speckled, has ≥34 narrow (1.5 dorsal scale rows wide) and light-colored crossbands, and a degenerate lateral chain pattern (Blaney 1977; Krysko 2001; Krysko and Judd 2006) . Neonates are mostly black with light-colored crossbands, may possess reddish coloration on the light-colored crossband scales, and the dark dorsal interband scales undergo various degrees of ontogenetic lightening, giving it a yellowish speckled appearance in the adult stage (Blaney 1977; Krysko 2001; Krysko and Judd 2006) . The light pigment within each crossband scale is situated on the anterior portion of the scale (Krysko and Judd 2006) . The venter consists of a tight checkered pattern with alternating squares of dark and light coloration (Means and Krysko 2001; Krysko and Judd 2006) . Individuals from the hypothesized hybrid zone (Figure 2) can possess phenotypes typical of L. floridana or L. getula (in the more northern region of this zone), or a combination of both taxa (Krysko and Judd 2006) .
Lampropeltis getula, Linnaeus (1766) Eastern Kingsnake
Coluber getulus (part) Linnaeus (1766) Ophibolus getulus (part) Baird & Girard (1853) Coronella getulus (part) Duméril et al. (1854) Lampropeltis getulus (part) Cope (1860) Lampropeltis getulus sticticeps (part) Barbour & Engels (1942) in Blaney (1977) Lampropeltis getulus goini (part) Neill & Allen (1949) in Blaney (1977) Lampropeltis getula (part) Frost & Collins (1988) Lampropeltis getula getula (part) Conant & Collins (1991) Lampropeltis getula sticticeps (part) Conant & Collins (1991) Lampropeltis getula goini (part) Krysko & Judd (2006) Holotype: N/A, collected by D. Garden. Type Locality: "Carolina" (Linnaeus (1766:382) , but later designated as Charleston, South Carolina (Klauber 1948) . Distribution: A lineage incorporating individuals from the northern Florida peninsula and panhandle, east of the Appalachian Mountains to southern New Jersey (Figure 2 ). This species is typically solid black to chocolate brown with 19-32 narrow (1.5-2.5 dorsal scale rows wide) and light-colored crossbands that widen or divide laterally giving it a chain-like pattern (Krysko and Judd 2006; Jensen et al. 2008) . Neonates may possess reddish coloration on the light-colored crossband scales, and the dark dorsal interband scales do not typically lighten with age (Jensen et al. 2008) . However, interband scales may lighten ontogenetically in some adult specimens from southeastern Georgia and the Outer Banks of North Carolina (Barbour and Engels 1942; Lazell and Musick 1973; Krysko and Judd 2006; Jensen et al. 2008) . The light pigment within each crossband scale is situated on the anterior portion of the scale. The venter consists of a checkered pattern with alternating squares of dark and light coloration (Means and Krysko 2001; Jensen et al. 2008) . Individuals from the hypothesized hybrid zone (Figure 2 ) in the Florida panhandle can possess phenotypes typical of L. getula (in the far peripheries of this zone), or a combination of both L. getula and L. meansi (Means and Krysko 2001; Krysko and Judd 2006) . Individuals from the hypothesized hybrid zone in the Florida peninsula can possess phenotypes typical of L. floridana, or L. getula (in the more northern region of this zone), or a combination of both taxa (Krysko and Judd 2006) . Another hybrid zone between L. getula and L. nigra is known from northwestern Georgia on the southern edge of the Appalachian Mountains (Jensen et al. 2008) .
Lampropeltis meansi, Krysko and Judd (2006) Eastern Apalachicola Lowlands Kingsnake
Lampropeltis getulus goini (part) Neill & Allen (1949) (Figure 2) . We note that some individuals are found in Franklin County on the southwestern side of the Apalachicola River (Means and Krysko 2001) , and 2 individuals (UF-herpetology 55450 and 115959) from Wakulla County on the eastern side of the Ochlockonee River also possess the phenotype of L. meansi. This species is speckled and has ≤25 wide (>2.5 dorsal scale rows wide) and light-colored crossbands; some individuals are striped or completely patternless (i.e., nonbanded) (Means and Krysko 2001; Krysko and Judd 2006) . Neonates are mostly black (banded individuals) with light-colored crossbands, may possess reddish coloration on their light colored crossband scales, and the dark dorsal interband scales undergo a high degree of ontogenetic lightening, giving it a yellowish speckled appearance in the adult stage (Means and Krysko 2001; Krysko and Judd 2006) . Nonbanded striped and patternless neonates do not necessarily have light-colored crossbands, but rather are made up mostly of already lightened interband scales that continue to undergo ontogenetic lightening (Means and Krysko 2001; Krysko and Judd 2006) . The light pigment within each crossband scale is situated on the anterior portion of the scale (Krysko and Judd 2006) . The venter consists of either a loose checkered pattern with alternating squares of dark and light coloration with interspersed bicolor scales, or entirely bicolored scales (Means and Krysko 2001; Krysko and Judd 2006) . Individuals from the hypothesized hybrid zone (Figure 2 ) in the Florida panhandle can possess phenotypes typical of L. getula (in the far peripheries of this zone) or a combination of L. getula and L. meansi (Means and Krysko 2001; Krysko and Judd 2006) .
Lampropeltis nigrita, Zweifel and Norris (1955) Mexican Black Kingsnake
Coluber californiae (part) Blainville (1835) Coronella californiae (part) Duméril et al. (1854) Lampropeltis getulus yumensis (part) Blanchard (1919) Lampropeltis getula yumensis (part) Klauber (1938) Lampropeltis getulus californiae (part) Stebbins (1954) Lampropeltis getulus nigritus Zweifel and Norris (1955) Lampropeltis getulus nigrita (part) Smith and Taylor (1966) Lampropeltis getulus splendida (part) Hardy and McDiarmid (1969) Lampropeltis getula nigrita (part) Crother (2000) Lampropeltis californiae (part) Pyron and Burbrink (2009) (Zweifel and Norris 1955; Blaney 1977; Stebbins 2003; Krysko and Judd 2006) . There may be considerable variation within a single clutch of eggs, where some neonates might exhibit a nearly solid dark dorsum and venter, while other siblings might exhibit a narrow banded dorsum and tight checkerboard ventral pattern with alternating squares of dark and light coloration like those of adjacent populations of L. splendida (Krysko and Judd 2006) . It might hybridize where it comes into contact with adjacent species (i.e., L. californiae and L. splendida) (Blanchard 1921; Blaney 1977; Stebbins 2003) .
Discussion
Nearly all of the subspecies within the Lampropeltis getula complex were named solely using morphology and color pattern characters. More recently, DNA analyses have improved our understanding of evolutionary relationships and corresponding taxonomy.
Although Barbour and Engels (1942) and Lazell and Musick (1973) believed that L. g. sticticeps from the Outer Banks of North Carolina deserved taxonomic recognition, this name was rejected by Blaney (1977 Blaney ( , 1979 and Krysko (2001) , and our molecular results herein support this conclusion. Additionally, ontogenetically lightened interbands occur in Florida populations, as well as individuals from the Outer Banks and coastal Georgia, and therefore is not a diagnosable character (Lazell and Musick 1973; Blaney 1977; Palmer and Braswell 1995; Krysko 2001) .
Our mtDNA and nDNA sequence data illustrate that previously described subspecies in eastern North America represent natural groups corresponding to L. floridana, L. getula, and L. meansi, distinct lineages as proposed by Blaney (1977) , Krysko (2001) , and Krysko and Judd (2006) . The elevation of these forms to full taxonomic recognition follows a trend established for western kingsnakes based on a fuller knowledge of morphology, genetics, and distributions (Pyron and Burbrink 2009a) . The presence of morphological intermediates at the fringes of each species range indicates suture (hybridization) zones, and to a lesser extent (regarding to L. getula) incomplete lineage sorting because of a recent evolutionary divergence.
ENM results show that Lampropeltis meansi overlaps entirely with L. getula but is restricted to a small subset of the climatic environment occupied by L. getula. This is not surprising, given the very short tree branch between these 2 lineages ( Figure 3 ). Taken together, the short branch length and lack of ENM differentiation suggest very recent divergence between these taxa, as sufficient time may not have passed for complete ecological divergence (de Queiroz 2007) . These results also indicate that L. meansi has a more restricted set of environmental requirements than L. getula, which is predicted to occur across a much broader range. In contrast, ENMs for L. getula and L. floridana were distinct with a clear area of overlap in northern peninsular Florida (Figure 5 ), supporting recognition of the 2 lineages as parapatric species separated by a hybrid zone.
The distributions of these genetic lineages are concordant with recognized biogeographic breaks (Appalachian Mountains, peninsular Florida, and Apalachicola) previously identified for many other plants and animals (see Neill 1957; Blaney 1977; Clark et al. 2003; Soltis et al. 2006; Krysko et al. 2016) . The MRCA between eastern North America individuals of the Lampropeltis getula complex and congeners to the west occurred between 3.1 and 1 Ma, during the late Pliocene through mid-Pleistocene. This interval includes Milankovitch cycles of approximately 100 000 years, resulting in glacial events and corresponding changes in sea level and climate (Hays et al. 1976; Hine 2013; Krysko et al. 2016) . During intervals when sea levels were lower, a Gulf Coast corridor was available for ancestral L. getula to disperse from west to east. Subsequently, populations in eastern North America became isolated and evolved independently during the Pleistocene, resulting in the three current lineages in the Florida peninsula (L. floridana), Atlantic coast (L. getula), and Eastern Apalachicola Lowlands (L. meansi). We view these three genetic lineages (and L. nigrita from Mexico) as distinct species because they are diagnosable using morphology (Blaney 1977; Krysko 2001; Means and Krysko 2001; Krysko and Judd 2006) , have low rates of introgression (Krysko and Franz 2003) , show genetic differentiation, occupy distinct ecological space (present study), and inhabit ranges that correspond to well known biogeographic provinces (Soltis et al. 2006 ). There might be additional evolutionary partitions within the L. getula complex west of the Appalachian Mountains, mandating further investigation.
